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However, facts often fail to fit theory neatly, and emerging data paint a more complex picture of the formation, growth, and maintenance of blood vessels and the arterial response to injury. Considerable evidence suggests that vascular endothelial cells can not only arise postnatally from primitive precursors, but can originate also from the adult bone marrow or peripheral blood and take up residence on mature blood vessels. [2] [3] [4] Such endothelial progenitor cells (EPCs) bear characteristic markers such as CD133, CD34, and vascular endothelial growth factor receptor-2. 5 Smooth muscle cells in the artery may also derive from bone marrow precursors. Our laboratory stumbled on this finding in pursuit of the pathogenesis of transplantationassociated arteriosclerosis. We have long posited an allogeneic response directed against donor vascular cells as an essential element in the pathogenesis of this disease. This hypothesis required that vascular cells in the engrafted vessels actually derive from the donor, thus capable of engendering an allogeneic immune response. In studies designed to test this notion, we could not establish that all smooth muscle cells in the coronary arteries of transplanted hearts arose from the donor. 6 Subsequent studies by Saiura et al, 7 as well as those from our own laboratory, 8 demonstrated that many of the smooth muscle cells that populate transplanted arteries derive from the recipient's own bone marrow. These and other studies showed that bone marrow precursors can give rise to both major cells types of the normal artery wall, endothelium, and smooth muscle under certain circumstances. 9 The clinical implications of this "new biology" of the origin of arterial cells abound. The nascent field of regenerative medicine has spawned great interest in myocardial repair using bone marrow-derived and other stem cells. This concept may apply to the blood vessel as well as the myocardium. In the current issue of Circulation, imaginative and provocative experiments by Rauscher et al 10 show that transfer of cells propagated from the bone marrow of youthful donor mice can limit the evolution of experimental atherosclerosis in mice lacking apolipoprotein E. These investigators found signs of senescence in the endothelial cells that line atherosclerotic arteries. They hypothesize that the cells derived from the youthful bone marrow help to repair a deficit in endothelial longevity associated with atherosclerosis. Their results raise the possibility that the bone marrow might provide a "fountain of youth" that could modify the natural history of atherosclerosis.
As the authors acknowledge, many questions remain unanswered regarding their striking findings. Their studies do not definitively identify a mechanism of the modulatory effect on atherogenesis. Do the "youthful" cells or the products that they may elaborate alter the biology of host cells at a distance or by actually taking up residence in the arterial lesion and acting locally? The recipients of the bone marrow cells did not undergo irradiation to limit the growth of endogenous bone marrow or vascular cells, thereby complicating the mechanistic interpretation of their experiments.
The protocols used included a period of culture of the bone marrow-derived cells to expand the population before it was transferred to the recipients. The different ages of the donors might favor selection in vitro that could contribute to the differences they observed between cells derived from young and old animals. The transferred cell populations lacked homogeneity. Often, the authors 10 used a mixture of stromal and hematopoietic cells. It is not clear whether the effects they observed resulted from transfer of bona fide stem cells or transplantation of cells with limited replicative capacity. Indeed, some evidence suggests that cells of the mononuclear phagocytic lineage serve as the source of circulating endothelial progenitor cells. 11 The authors 10 propose in their title "progenitor cell exhaustion" as a mechanism for enhanced atherogenesis with aging. They interpret their data as "rejuvenation" of the vasculature by the transferred cells. Considerable future research will be required to define exhaustion and rejuvenation in more rigorous and precise molecular terms.
Curiously, the authors found a striking suppression of circulating interleukin-6 (IL-6) in the animals that received youthful bone marrow-derived cells, suggesting that the transfer of these cells has antiinflammatory effects. As vascular cells can elaborate copious quantities of IL-6, the observations presented by Rauscher et al 10 suggest an interesting link between aging, atherogenesis, and inflammation. 12 Because IL-6 drives production of C-reactive protein, the authors' observations on this "messenger cytokine" may link to the pathobiology of elevated C-reactive protein as a marker of heightened risk of atherosclerotic complications.
Although the mouse offers an incredibly valuable tool for the study of disease in the laboratory, we must bear in mind that the results obtained in this experimental animal may not translate directly to humans. Indeed, atherogenesis in humans usually occurs at lower lipid levels and over a much more prolonged time scale than generally used in experiments on mice genetically altered to enhance their susceptibility to atherosclerosis. The biology of endothelial cell senescence and of bone marrow may differ between these species, limiting the clinical extrapolation of their results, but not detracting from their potential pathobiological significance.
Certainly, age is a major risk factor for atherosclerosis. However, the tempo of vascular degeneration may not follow a predetermined program, as inevitable as the march of time. Many modifiable factors contribute to the epidemic of atherosclerosis that besets contemporary societies. While gazing ahead toward future "high-technology" strategies for the modification of this disease, we must not lose sight of the urgent present need to stem the burden of atherosclerosis that we confront today with simpler but less glamorous measures:
Lifestyle modification and application of existing therapies according to current guidelines.
Although far from definitive or conclusive, the provocative report of Rauscher et al 10 will doubtless inspire important further research. Their findings raise the possibility that the application of regenerative biology to the blood vessel may someday enable us to alter the course of atherosclerosis.
